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and
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Abstract Itbe

Thie BLAST Damage Assessment Model was installed Three atmospheric paramewters play major roles
at the Eastern Test Range (ETI4) in 1981 to in sonic wove propaqatkuion P preasu re,
evaluate inadvertent detonation hazards as a temperature, and wind. The relationship of the
function of meteorological conditions. ibis paper speed-of-sound Prof ile and the focusing of snack
describes the improved imodel and its use both as a waves is based on the fo1llowing physical
planning tool and Operational decision maker to principle: when the speed of sound decreases
support launches from the IETR. The with height, the shock waves are refracted
meteorological parameters affecting the ,model are upwards; when the speed of sound increases with
presented, their influence explained, and the height, the shock waves are ref racted downward.
variability of atmusliuttic propaijaticin torecasts many different spewd-ut-sound proftiles aid
with different mwerlgclcond~iro lamsibi. Sni ii~I isan 1 &e o ar iI wt rat al tit
jPr .?itui. igqufes 1-4. Lif titure w11 a 1K, Chial-jo of sonic

velocity with altitude, a shuck wave would expand
Background sphnerically. This ideirried case is shown in

Figure 1 as the standard. Such an atmospheric
The BLAST Damage Assessment Model addrebes condition never exists in the earth's 4tmi34jrwee

interaediate range effects of a shuck cave fru.a an where sonic velocity normally decreases with
inadvertent detonation. Near-in areas ot altitude. This produc-es shoick waves that bernd
overpressures above about one pound per siquire upward an~d attenute (is illuiutrated in Figure
inch (psi) are evacuated and therefore are not 2). Basic ph~ysics predicts ziiuch ray-turning (or
considered by the model. At a far enough all waves (light, sound, etc.). For internklia~
distance, there are of course no probiltiit. It is range a irbi1ast efftect s, the acolust ic
the intermediate distance with psi of @.1 to about approximation is apropriLate. The jeneral rule
0.5 which are of concern. This area of values is that an acoustic ray will turn away t rum an
varies considerably according to local area of higher sonic velocity (index of
meteorological conitions, retraction). An inversion conditin whaere 4onic

velocity increases with altitude, cips. the tthLti
intermediate range airblast effects for early wave and turns the rays back to the ground

generation launch vehicles presented little or no yielding an enhArezed overpretsure ias illubtfited
risk to nearby areas, but iii4ulation encroactatent in Figure 3). The gr9testlt enhanCeienlt aie
and increased explosive yieIds le~d to probl-imw undser a caUstiC .j.uti c.,r1d it ion Wliviii 11
ltbe .sIULUn~u to thetie pirutiltsu was Lu ii-axae very t*inic velucity tirtit dueia.e troo its uf..
conservative launch limitations based on wind value and then increases beyond its -,urtace
direction. The next approach was to eliminate the valIue. An atiaos&*0eric lens can then rut.us th.xWK
need for these conservative assumptions by waves to very high amplitications relative t

*conducting explosive tests to develop improved btarniari. Figure 4 illustrates this case.
overpressure relationships; by analysis of the
test data to determine its appropiriate SolIut ion L
utilization; and by oxxlel develoimient to ref lect
the analytical re~ults. The effort tids led to the The pirrincpa hazardb. arising from -
real time operational use of the BLAST Damage intermediate range airbla:st effects are injume4~
Assezsment Model for all Shuttle launches and no due to window break.age in the neirby lxcal
for Trident D-5 launch operat ions. commlun it ies. The pr in icpa I inputs Lo tne tdLA..,T
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age Asesent model are meocolog ica 1 data,
explosive yield and location, and window survey
'data giving the nmbrs ari locations of windw

*in the nearby communities. For each 36 degree
section over land, the model computes the
overpressure at eac window centroid, the expected
wino breakaie there, and the casualty estimate
(as a function at the nmber of windows broken).
Launch criteria ace defined in terse of an
aceptable window breakage which will not yield an
unsatisfactorily high casu-alty estimate. w~.ring
launch operations, the BLAST 14c -'s exercisedrWV-4.4
with real tie mteorological iN.4 - and the mol
results are coared to the launch criteria 3
identify unacceptable COMitions. A schmatc at
the BLAT model is presented in Figure 5.
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variations. These three breakage resuits are
copated with the launch ceiteri, to define
unacceptabiiLty. The final columns List the
local sct ace tampeatuer and the balloon releame

OPS timfto the tawineorde lJta.

January 24, 6S eshibited unuual ly cold
tFisals weather. In the cold air mass, the clear

Z OOLSu night radiational cooling created a surface
"a inversion. With that condition, the WAST PNodel

"GESICTION indicated light window beakage and thereote no

• 0 Launch problem from the aspect of BLAST damage.
After sunct i and the start of surface heating,
conditiona changed significantly. A tdrFature

inversion at about 4666 feet, combined with the
surface heating, created a caustic condition

,SI which increased the window breakage values from

the BLAST Model. Movement of the upper level
ridge by mid day resulted in a weakening of the

WLgTHIR temperature inversion and a small wind shift,

CoN010 I  sufficient to being forocast break&ge back into
Slimits. A change in the manic velucity along the

I due mouth radial can be sen by comparing rygures

I 6 and 7. These figures show the difference in
ILVcUa gi,,,fo speed, by altitude, compared with the surface
SOURCe 911 • wO I value. In each figure, the vertical axis is

• ASt • s Ialtitude in thousands of feet and the horaional
axis is the speed at that altitude substracted
from the surface value (in feet per aeoand). The
input data for these two figures are given in

ITables 2 and 3. Note in particular, the 22
ife N E tc% I P Idegree wind shift at 31668 feet and the

temperature drop of 4.2 degrees at 4666 feet.

Fig 5. BLAST Model Schematic

IXAMI kawin
Table I presents the BLAST Model results ruta Surfde Data

c.ua.ulat.d during STS-SIC which wsa launched at Timu Unv Avg 96 Pct 'Te Time
1440 Eastern Standard Time, January 24, 198'. The 910 12.66 16.17 24.69 28. 715
ftrst full coljma of data presents the Greenwich 1066 11.70 17.34 16.17 11. 715
Mean Time (or Zulu Time) when wind tower data were 1036 7.67 14.15 34.49 1]. 715

% obtained. The weather inputs to the BLAST Model 116 34.61 24.96 61.26 33. 945
for launch operations consist of low-altitude wind 1136 115.44 31.91 81.88 34. 945
tower data (up to 150 meters) merged with upper- 1200 10.23 32.88 d5.94 33. 945

'5' altitude rawinsonde data. UpLated wind tower data 1236 13.6 36.47 61.13 33. 945
are available more frequently than updated 1306 24.25 56.83 15.63 36. 945
rdwinsondxe data. For exaqdpe, an Table 1. 25 sets I13 16.18 b9.95 186.51 40. 945
of low-altitude twr data have betn merged with 1466 363.75 444.42 778.37 46. 1314
upper-air data from seven rawinsonde releases. 1436 346.52 438.71 771.96 48. 1314
The tame difference involved an this merging 1566 287.72 470.96 751.66 52. 1314
technique is an area of signatacant concern. The 1536 112.67 329.32 586.80 54. 1437
next three data columns in Table I present the 1666 111.52 369.56 554.35 56. L417
window breakaje results computed by the BLAST 1610 1ii8.U 32W.41 574.16 57. 1417
Model. The unvaried results (i.e., rawdata) are 1766 185.15 255.32 411.73 60. 1437
computed using the input weather data to define 1736 217.83 352.54 559.64 61. 1b40
the type and strength of the p.ropi.jation 1866 341.29 JJ4.16 5620.3 62. 1646

di t in. Since the test data analysis indicated 1836 124.66 336.93 556.69 64. 1646
that the meteorological uncertainty contributed 196 10.88 139.59 286.76 65. 1814
.jreatly to the risk, a W.nte Carlo mvthtxjogy has 1916 16.66 147.59 315.97 bb. Iij4
been implument.d to estimate this rabk. The 2066 10.8L 140.56 3J6.07 7. 1814
second column lists the average breakage of one 2616 8.08 128.97 286.38 67. 1l4
hundred Monte Carlo variat tons of the 21 i 6 i.6 b8.94 176.36 b8. 19134
meteorologtcal input data, a:i lumtng that each 2136 6.06 74.15 244.88 07. 1954
temperature, wind diretion, and wind ipeed value
is nurmally distributed about its measured value. Table I. BLAST output for STS-5IC. Unv:
The next column lists the ninetieth hijhest Unvaried; Avg: Average ot 106 Munte Cat io c aes;

bredkaLje result of the hundred Monte Carlo 96 Pct; 9W% wort c.Lie, -urface Temp: oF.
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Table 3. Data input to 1845Z BLAST fun (data
.11 -* .0 -6 U 0 above 492 ft are from rawinsonde, released at
rig 6. Daference in the velocity of Nound, from 16141)
aufac value, along the 1809 azimuth at 17j.82

tn summry, use of the BLAbrT Drimage Asauseent
Model has eased prohibitive 1auv1 C6AALiCtiWfW
by eliminating the need for conservative
assampto: ln Ivec, UAe of the moel requires
reasonably valid meteorological input values.
Ibrecastiny ptoblvomt cc~Am ina 1ly ocur, such as:
the na'Jnituwds, al.titudv, and persistence of
teqlgatuse inversions &W'/oc wind shkfts.
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